Results: The magnetic field was a maximum at the exit window, increasing from 0.006 T at 6 MeV to 0.020 T at 21 MeV and dropping to approximately 5% at the secondary scattering foil. It was up to 3 times higher in the bending plane, away from the electron gun, and symmetric within measurement uncertainty in the transverse plane. Simulations showed the magnetic field resulted in an offset of the electron beam of 0.80 cm (average) at the machine isocenter for the exit window only configuration.
energy beams, are now aligned with those in the simulated beam. The simulated fringe magnetic field had negligible effect on the central axis depth dose curves and cross-plane dose profiles.
Conclusion:
The fringe magnetic field is a significant contributor to the electron beam in-plane asymmetry. With the magnetic field included explicitly in the simulation, realistic monitor chamber and secondary scattering foil positions have been achieved, and the calculated fluence and dose distributions are more accurate.
I. INTRODUCTION
Monte Carlo treatment head and patient simulation is a preferred method of accurate electron dose calculation in conformal electron and mixed beam therapy techniques 1, 2 and also has potential to improve beam models employed in commercial treatment planning software. , Elekta 8 and Siemens.
9, 10
Disassembly of a Siemens Oncor treatment head was used to further constrain source and treatment head geometry simulation parameters. 11, 12 In that work, a fringe magnetic field from the bending magnet downstream of the exit window (with magnitude up to 0.02 T) was found to displace the electron beams by up to 0.9 cm at isocenter. The secondary scattering foil and monitor chamber in the simulation were unrealistically laterally offset from the collimator rotation axis, to match the measurement asymmetry, without simulation of the fringe field.
The current work focusses on characterizing this fringe magnetic field and including the field in Monte Carlo treatment head simulations with the goal of improving the accuracy of the calculated fluence and dose distributions. and electron monitor chamber, from the collimator rotation axis, was estimated from digital photographs. The uncertainty in the offsets was estimated as ± 0.03 cm. These positions were used for quality control and to guide selection of simulation offsets. The electron source incident on the exit window was characterized by six parameters: (1) mean energy, E, (2) Gaussian energy spread, '( E), (3) Gaussian (spot) spatial distribution, r S , '(E) of ± 7.1%, ± 4.9%, ± 6.2%, ± 6.0%, ± 4.8% and ± 3.3%, respectively, consistent with the approximate ± 7% transmission bandwidth of the vacuum envelope. R= mv eB (1) where is the Lorentz factor, m is the electron mass = 9.10938188 × 10 -31 kg, v is velocity of the particle perpendicular to the magnetic field, e is the electron charge = 1.60217646 × 10 The EMF macros treat scattering and magnetic field deflections as independent processes. Velocity changes resulting from magnetic field deflection are added at the end of each conventional charged particle transport step. This implementation requires step-size restrictions. The step sizes within the condensed history algorithm must be sufficiently short so that the relative change in the particles direction of motion is small. MeV beams. Linear regression was performed on the measured profiles at 3, 5, 7 and 9 cm distances (from the exit window) to highlight the gradient, which had slopes of 3.1, 1.5, 0.7 and 0.3 mT / cm, respectively. This gradient is due to the angled exit pole faces of the bending magnet discussed in section II.A. The magnetic field variation in the crossplane (x) direction was symmetric within the 17% uncertainty of the magnetic field measurements. and beam angle ( ) at the exit window accounted for the remainder of the offset.
II. MATERIALS AND METHODS

II.A. Siemens Oncor accelerator
III.B. Exit window only configuration
The exit window water channel was thickened by 0.06 cm (19.3%) over manufacturer specification to match the 6 MeV R max crossplane (x) FWHM. The exit window water channel is under pressure with a vacuum on one side, making it thicker than specified and angular divergence at the exit window is limited by the width of the profile in the bremsstrahlung tail. 17 A thinner water channel could be used with an increased angular divergence at the exit window, but this has negligible impact on the simulation through the remainder of the treatment head.
Angular divergence, '( ), was added for each of the higher energy beams (9 -21
MeV) to match the measured crossplane profile widths with the thicker water channel (Table   3 ). The required divergence increased with energy up to 15 MeV, where it was a maximum of 0.85° (crossplane) and 1.1° (inplane) and then decreases for higher energies. Measured inplane R max profiles were 0.09 -0.29 cm wider than corresponding crossplane profiles.
Spatial dispersion is usually more significant along the plane of bending of the magnet (inplane in this case) rather than in the transverse plane. 23 Angular divergence ranging from 0.5 -1.1° was added to match the inplane FWHM for all energies (table 3) . Further simulations showed, however, that using an angular divergence to match the average of the inplane and crossplane R max profile FWHM (i.e. using the same angular divergence inplane and crossplane) results in errors of less than 1% in clinical beam dose profiles. 
III.C. Primary foil configuration
